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limestone on the biometry, nutritional, and physiological state of Euterpe oleracea under 47 
organic cultivation, contributing to sustainability in the Amazon. 48 
Methods: The experiment was conducted in Santo Antônio do Tauá/PA, in the community of 49 
Campo Limpo, using a randomized block design in a 7 × 2 factorial scheme. Factor 1 comprised 50 
six compost doses (2, 4, 6, 8, 10, and 12 kg) and factor 2 included the presence or absence of 51 
liming. The control received no fertilization. In total, 14 treatments with six replicates resulted 52 
in 84 experimental units, each containing two BRS Pai d’égua Euterpe oleracea plants. 53 
Biometric, nutritional, and physiological variables were evaluated. 54 
Results: Compost application, particularly at 8–10 kg combined with liming, provided the best 55 
results. Organic fertilization increased stipe height by 41.66%, circumference by 29.71%, 56 
circumference at breast height by 16.13%, and number of leaves by 11.01%. It improved 57 
nutrient levels (N > S > Ca > K > P > Mg; B > Mn > Fe), enhanced relative chlorophyll content 58 
by 38.84%, and positively affected CO₂ assimilation, stomatal conductance, transpiration, 59 
intercellular CO₂ concentration, and water use efficiency. 60 
Conclusions: The combination of 8–10 kg of compost per plant with dolomitic limestone 61 
promotes better biometric, nutritional, and physiological performance of Euterpe oleracea under 62 
organic management, supporting sustainable açaí production in the Amazon. 63 

Keywords: composting; corrective Practice; fruit growing; mineral Nutrition. 64 
 65 

Introduction 66 

 67 
Euterpe oleracea Mart. Arecaceae, commonly known as the Euterpe oleracea plants, is 68 

a fruit tree native to the Amazon. It is naturally found in northern Brazil, particularly in the 69 

states of Pará, Amazonas, and Amapá. Its economic importance is primarily derived from the 70 

commercial production of its pulp and fruit (Sena et al., 2022). Recently, there has been 71 

significant demand for products derived from this productive and essential Amazonian palm, 72 

which is among the most prominent species of Euterpe Mart. in Brazil (Bezerra et al., 2018; 73 

Ximenes et al., 2020).  74 

Brazil is the world's largest producer of açaí, generating millions of US dollars in 75 

revenue from this fruit. The state of Pará, located in the northern region of the country, is a 76 

prominent player in açaí production, both nationally and globally. This prominence is largely 77 

attributed to the traditional extractive practices employed by the local Amazonian population, 78 

which have significantly contributed to the state's leading position in the açaí market 79 

(Figueiredo et al., 2022; Matta et al., 2020; Silva et al., 2017; Tavares et al., 2022; Tavares, 80 

2017). The potential production and consumption of the fruit of this crop between 2015 and 81 
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2021 have increased significantly, exceeding 1,400,000 tons in 2021 (EMBRAPA, 2023). This 82 

market demand, driven by its high nutritional value, antioxidant and medicinal properties, has 83 

led to the consumption of açaí in Brazil's main capitals and exports to mainland Europe and 84 

countries such as the United States, Australia, Japan and China (Barros et al., 2022; Silva et al., 85 

2023). 86 

This palm naturally thrives in “várzea” and “igapó” ecosystems, which are ecosystems 87 

with hydromorphic soils in flat, low areas bordering rivers, and with proper management, its 88 

fruit production can reach approximately 9 tons per hectare. However, the growing national and 89 

international demand for açaí juice has driven an expansion of its cultivation in irrigated areas 90 

(Lindolfo et al., 2020; Oliveira et al., 2002, 2017). The domestication of the species, such as 91 

the BRS‐Pará and BRS‐Pai d'égua cultivars, which are adapted to “terra firme” conditions (in 92 

irrigated areas), has facilitated its cultivation in extensive areas (Farias Neto, 2019; Homma et 93 

al., 2006). 94 

In the Amazon, soils are naturally diverse, with 70% latosols and argissols (oxisols and 95 

ultisols, respectively, according to the US soil classification), and a limited presence of other 96 

types (Quesada et al., 2011). The main physiographic environments are “terra firme” (80%), 97 

“várzea,” and “igapós” (Inceptisols or Entisols, according to the US soil classification), with 98 

terra firme soils having low natural fertility, low cationic capacity (CTC), and acid pH (Lima 99 

et al., 2006; Moreira & Fageria, 2009). Correcting soil acidity is essential to promote plant 100 

growth, as this practice increases pH, provides essential nutrients such as Ca2+ and Mg2+, 101 

reduces Mn2+ and Al3+ toxicity, improves nutrient absorption by plants and results in higher 102 

crop yields (Campos et al., 2022; Hartemink & Barrow, 2023; Jiang et al., 2018; Silveira et al., 103 

2021; Vazquez et al., 2019; Zhang et al., 2020). 104 

The challenges for the future in terms of food production are causing concern, especially 105 

as the population increases (Lal, 2020; Myers et al., 2017). For this reason, satisfactory 106 
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agricultural performance is indispensable today (improving soil fertility and maintaining crop 107 

productivity) to guarantee societies' food security (Bai et al., 2018; Bokor et al., 2021; Lal, 108 

2020). However, the intensive use of mineral fertilization in the long term can lead to 109 

environmental pollution and soil degradation, and have a negative impact on the sustainable 110 

production of açaí fruits in “terra firme” areas (Campbell et al., 2018; Hossain et al., 2022). 111 

In this context, organic fertilization provides organic matter, which is a 'reservoir of 112 

nutrients,' supplying these essential elements for plant growth and development, improving 113 

physical properties, promoting microbial activity and soil metabolism (Brichi et al., 2023;  114 

Deng, 2017; Han et al., 2022; Wu et al., 2021) and ultimately enhancing soil health in Brazilian 115 

tropical conditions (Cherubin et al., 2025). In summary, organic farming makes it possible to 116 

improve soil fertility by using organic compost as a way of fertilizing it, since the increase in 117 

nutrient levels in the soil depends on the characteristics and quantity of organic waste added to 118 

it (Al-Suhaibani et al., 2020; Yang et al., 2019; Yu et al., 201a9) 119 

Currently, agricultural production faces problems related to the growing amount of 120 

waste produced by various activities (Dussadee & Ramaraj, 2023). Many of these residues are 121 

discarded in the agricultural process, such as agricultural crops, animal manure, agro-industrial 122 

by-products and other organic compounds (Dussadee & Ramaraj, 2023; Manmai et al., 2021; 123 

Obey et al., 2022). As part of the bioeconomy, the circular economy aims to understand how to 124 

reduce the mass of this waste (Santana, 2020), associated with sustainability, which comprises 125 

the ideal balance between economic, social and environmental aspects (Parada et al., 2017). 126 

In this context, the hypothesis (the proper management of organic fertilization promotes 127 

gains in growth, nutritional and physiological) underlying this research is based on the lack of 128 

information regarding agronomic responses in the management and nutritional diagnosis of 129 

fruit trees, such as the açaí palm (Ribeiro et al., 2020), through organic fertilization. Previous 130 

studies have highlighted organic matter as a key alternative for enhancing soil structure, water 131 
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retention capacity, and physical and biological properties (Adetunji et al., 2020; Dawson & 132 

Smith, 2007). Therefore, this study aimed to evaluate the effect of compost doses combined 133 

with dolomitic limestone on the biometry, nutritional status, and physiological condition of açaí 134 

plants under organic cultivation, contributing to sustainable production in the Amazon.  135 

 136 

Materials and Methods 137 
 138 

Characterization of the Study Area 139 

The study area is located in the municipality of Santo Antônio do Tauá, Pará (1°9′7″ S, 140 

48°7′44″ W), approximately 63.2 km from Belém/PA, in the community of Campo Limpo. This 141 

community is represented by the Rural Producers Association of Campo Limpo (APROCAMP) 142 

(1°2′ S, 48°10′ W) (IBGE, 2017). The experimental site was chosen based on specific criteria, 143 

focusing on an area where individual açaí trees were in their third year of cultivation. The trees 144 

were planted with a spacing of 5 × 5 m (5 m between rows and 5 m between plants) in a plot of 145 

approximately 4200 m2. This site is part of an association of rural producers involved in an 146 

organic production system, where most agricultural output is destined for consumers of organic 147 

products and Natura's agroindustry. 148 

The municipality's climate is classified as Af (tropical humid) according to the Köppen–149 

Geiger classification, characterized by the absence of a dry season. The average annual 150 

temperature is approximately 26°C, with annual rainfall typically ranging from 2500 to 151 

3000 mm. Historical rainfall data from the Climate Hazards Group InfraRed Precipitation with 152 

Stations (CHIRPS) database shows annual rainfall between 3100 and 3700 mm in the 153 

community where the experimental area is located from 2018 to 2022. 154 

According to Auliyani and Wahyuningrum (2021), the data generated by the CHIRPS 155 

product can be used to predict annual and monthly rainfall in the study area.  156 

Figure 1 depicts the boundaries of the state (in gray) and municipality (in blue), as well 157 
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as identifying the location of the experimental area in the city.  158 

 159 

Figure 1 - Location of the experiment in Santo Antônio do Tauá, Pará, Brazil. 160 

 161 
 162 

Collecting and Preparing Soil Samples 163 

Soil samples were collected using random sampling in September 2022. A total of 20 164 

individual samples were combined to form each composite sample (two composite samples in 165 

total). The samples were taken from two distinct areas: the canopy projection zone and the 166 

interrow. Composite Sample 1 was collected from an area where an application had been made 167 

the previous year, while Composite Sample 2 was from an area where no application had been 168 

made. Soil samples were extracted from a depth of 0 to 20 cm using a Dutch auge (Filizola et 169 

al., 2006). The samples were crushed, sieved, and air‐dried for analysis. 170 

The samples were sent to the Solos & Plantas laboratory (IAC Proficiency Seal) for the 171 

determination of physical and chemical parameters. The necessary characteristics for 172 
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conducting the experiment were then identified (Table 1), such as: pH (H2O), aluminum 173 

concentrations available (Al3+), calcium (Ca2+), magnesium (Mg2+), potassium (K+) and 174 

phosphorus (P), organic matter content (MO), micronutrients (Fe, Zn, Mn, Mo, B, Cu), density 175 

(Ds), and granulometry (sand, silt, and clay content) (Teixeira et al., 2017). 176 

 

Table 1 - Chemical and physical soil attributes (0-20 cm layer) of two composite samples from the experimental 177 
area. 178 

Area 1 (To be corrected)  Area 2 (Uncorrected)  

pH (H2O) 5.29 pH (H2O) 5.23 

MO (g kg-1) 0.29 MO (g kg-1) 0.29 

Al3+ (cmolc dm-3) 0.83 Al3+ (cmolc dm-3) 0.94 
H+ + Al3+ (cmolc dm-3) 3.47 H+ + Al3+ (cmolc dm-3) 2.78 

Ca2+ (cmolc dm-3) 0.47 Ca2+ (cmolc dm-3) 0.41 
Mg2+ (cmolc dm-3) 0.08 Mg2+ (cmolc dm-3) 0.09 

P (mg dm-3) 130.1 P (mg dm-3) 65.55 

K (cmolc dm-3) 0.089 K (cmolc dm-3) 0.097 

S (mg dm-3) 1 S (mg dm-3) 1 

SB (cmolc dm-3) 0.64 SB (cmolc dm-3) 0.60 

CTCT (cmolc dm-3) 4.11 CTCT (cmolc dm-3) 3.38 

CTCt (cmolc dm-3) 1.47 CTCt (cmolc dm-3) 1.54 
V% 
m% 

B (mg dm-3) 
Cu (mg dm-3) 
Fe (mg dm-3) 
Mn (mg dm-3) 
Zn (mg dm-3) 
Ds (g cm-3) 

Total sand (g kg-1) 
Silt (g kg-1) 
Clay (g kg-1) 

15.57 
56.46 
0.18 
2.6 
112 
5.5 
5.0 
1.35 
758 
46 
196 

V% 
m% 

B (mg dm-3) 
Cu (mg dm-3) 
Fe (mg dm-3) 
Mn (mg dm-3) 
Zn (mg dm-3) 
Ds (g cm-3) 

Total sand (g kg-1) 
Silt (g kg-1) 
Clay (g kg-1) 

17.75 
61.04 
0.22 
2.5 
147 
5.4 
4.0 
1.35 
758 
46 
196 

pH: H2O; organic matter (MO): Walkley-Black method; Ca, Mg e Al3+: Titration by complexation; H+ + Al3+: 179 
Neutralization titration (NaOH 0.025 mol L-1); P e K+: Mehlich-1; B, Cu, Fe, Mn, Zn: IAC; Total sand, silt and 180 
clay: IAC * Manual of Soil Analysis Methods (TEIXEIRA et al., 2017). Note: To be corrected (area 1 to 181 
receive liming); Uncorrected (area 2 not limed). 182 

 183 

Characterization of Organic Compost 184 

Organic waste compost from the community of Campo Limpo—Santo Antônio do 185 

Tauá/PA is the result of the composting process of the following waste: poultry litter, agro‐186 

industrial waste such as andiroba bark (Carapa guianensis Aubl.), boiler ash, cupuaçu kernel 187 

(Theobroma grandiflorum), murumuru (Astrocaryum murumuru), and priprioca (Cyperus 188 
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articulatus L.). The material was obtained following the crushing and pressing of the raw 189 

materials employed in the agro‐industrial processes. In order to ascertain the quantity of each 190 

waste, a ratio of 2:1 was established between the materials with the highest C/N ratio (andiroba 191 

bark, boiler ash, murumuru) and the materials with the lowest C/N ratio (poultry litter, priprioca 192 

and cupuaçu seeds). 193 

During the composting process, the temperature was managed so that the material was 194 

initially heated and, after 30 days, the temperature was stabilized until the compost was 195 

completely humified. In addition, the humidity of the material was managed so that there was 196 

no paralysis of microbial activity or anaerobic decomposition (lack of oxygen), as well as 197 

ensuring the correct aeration of the material. 198 

The composting process took around 90 days to meet the standards required by 199 

Normative Instruction No. 61 of July 8, 2020 from the Ministry of Agriculture, Livestock, and 200 

Supply/Secretariat of Agricultural Defense (BRASIL, 2020).    201 

After this, the compost samples were sent to the Soils & Plants Laboratory (IAC 202 

Proficiency Seal) for physicochemical characterization, where the dry matter, parameters such 203 

as pH, density, organic matter, organic carbon, C/N ratio, and macronutrient content were 204 

determined (N, P, K, Ca, Mg, S) and micronutrients (B, Cu, Fe, Mn, Zn, Na, Mo. and Al) as 205 

described in Table 2.  206 

 207 

 208 

 209 

 210 

Table 2 - physico-chemical characterization of the organic compost used in the treatments applied. 211 
Characteristics Unit Dry base – 65ºC 

Dry matter content % 50 

pH (CaCl2) - 6.83 

Density g/dm³ 0.50 
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Total Nitrogen % 2.24 

Total Organic Matter % 67.37 

Compostable Organic Matter (Titration) % 27.59 

Organic Matter Resistant to Composting % 39.78 

Total Carbon (Organic and Mineral) % 39.17 

Organic Carbon % 16.04 

Total Mineral Residue % 32.63 

C/N ratio (total C and total N) - 17/1 

C/N ratio (Organic C and Total N) - 7/1 

Total phosphorus (P2O5 Total) % 1.05 

Potassium (K2O Total) % 0.88 

Calcium (Ca Total) % 1.62 

Magnesium (Mg Total) % 0.63 

Sulphur (S Total) % 0.22 

Boron (B Total) ppm 25.35 

Copper (Cu Total) ppm 89.45 

Manganese (Mn Total) ppm 193.19 

Iron (Fe Total) ppm 3440 

Zinc (Zn Total) ppm 166.15 

Sodium (Na Total) ppm 214.08 

Molybdenum (Mo Total) ppm 7.08 

Test conducted in accordance with the Manual of Official Analytical Methods for Fertilizers and Correctives, 212 
2017. Waste: Gravimetric; N - (N - Total) = Raney's League; P, K, Ca, Mg, S, Na, B, Cu, Fe, Mn, Zn, Mo e Al 213 
= Nitric digestion; Dt. ICP-OES; Organic Carbon - Volumetric Method Potassium Dichromate. Note: Dry base 214 
– 65ºC (extracting water humidity from the sample). 215 

 216 

Liming and Fertilization 217 

The amount of lime applied was designed to raise the soil's base saturation to 60% 218 

(recommended for the Euterpe oleracea plants). The use of 1.85 t ha−1 of dolomitic limestone 219 

(PRNT 98.45%) in January 2023. Fertilization, conducted in February 2023, involved the 220 

application of organic compost at doses of 2, 4, 6, 8, 10, and 12 kg per treatment within the 221 

experimental plots. 222 

 223 

Biometric Evaluations 224 

Biometric analyses were conducted in September 2023, with data collected on the 225 
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following variables: Stipe Height (SH), measured in meters from the leaf insertion point to the 226 

root emission; stipe circumference (SC), measured in centimeters at 10 cm above the ground; 227 

Circumference at Breast Height (CBH), measured in centimeters at breast height (1.30 m); and 228 

number of leaves (NL), determined by counting all leaves present on the stipe, excluding 229 

senesced leaves (Oliveira, 2005). 230 

Nutrient Content in Plant Tissue 231 

Plant tissue evaluation was performed using a leaf diagnostic method. Samples were 232 

collected from leaf number 5 of the Euterpe oleracea plants, which is considered the most 233 

representative leaf for assessing the crop's nutritional status in the region (Viégas et al., 2022). 234 

An average of six leaflets was collected from each side of the central portion of leaf 5, with the 235 

tips removed to obtain a central blade segment measuring 10–20 cm. This sampling was carried 236 

out during the harvest period in September 2023, when nutrient export to the crop was at its 237 

peak.  238 

The samples were then dried in a forced‐circulation oven for 72 h at 65°C, after which 239 

they were ground in a Wiley mill and sent to the plant tissue laboratory in the soil science 240 

department of the “Luiz de Queiroz” School of Agriculture at the University of São Paulo—241 

Esalq/USP for the determination of macro and micronutrients (Miyazawa et al., 2009). 242 

 243 

Chlorophyll Content 244 

The chlorophyll index was estimated using the SPAD‐502 portable chlorophyll meter 245 

on the same leaflets used for the gas exchange measurements (Leaf N° 5) in September 2023. 246 

The SPAD‐502 readings were taken at three points on the leaf's central vein and on the adaxial 247 

side of the leaf, and the averages were calculated. 248 

 249 

Gas Exchange 250 

The gas exchange parameters were estimated in September 2023 on the leaflets of the 251 
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fifth physiologically mature and fully expanded leaf, from apex to base. These were: the net 252 

CO₂ assimilation rate (A), stomatal conductance to water vapor (gs), and the transpiration rate 253 

(E); intercellular CO₂ concentration (Ci), intrinsic carboxylation efficiency (A/Ci), and the 254 

instantaneous efficiency of water use (A/E). 255 

These analyses were carried out when the plant was in ambient conditions for these 256 

processes, using a portable infrared gas analyzer of the open system type (LI‐6400 XT, LI‐257 

COR, Lincoln, NE) under an external CO2 concentration of 400 μmol mol−1 of air and artificial 258 

photosynthetically active radiation (PAR) of 1000 μmol of photons m−2 s−1. The measurement 259 

interval (9 to 11 a.m.) was adjusted according to the results obtained from the diurnal gas 260 

exchange curve for the species. 261 

 262 

Experimental Design 263 

The experimental design used was randomized blocks in a 7 × 2 factorial scheme, with 264 

factor 1 being the six doses (2, 4, 6, 8, 10, and 12 kg per plant) of organic compost as well as 265 

the control treatment and factor 2 the conditions of with and without liming, with 14 treatments 266 

distributed in six replications, totaling 84 experimental units, in which each experimental plot 267 

had two Euterpe oleracea plants. 268 

 269 

Conduction of the Experiment and Data Analysis 270 

Phytosanitary management was conducted during this research to control aphids and 271 

mealybugs on some plants, using neem oil at a ratio of 200 mL per 20 L of water. The mixture 272 

was applied with a 20‐L knapsack sprayer. Lime and top‐dressing fertilizer were applied to the 273 

soil, and invasive plants were removed within the projection area of the plant's crown. Fifty 274 

percent of the fertilizer was applied 30 days after liming, with the remaining 50% applied 275 

15 days later. 276 

The data from this study were subjected to the necessary assumptions, such as normality 277 
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and homoscedasticity tests, followed by analysis of variance (ANOVA), and the means were 278 

compared using the Scott‐Knott test (p ≤ 0.05) and regression analysis. To present the obtained 279 

data, means and standard deviations were calculated, and graphs and tables were created using 280 

Microsoft Excel (Microsoft 365 version) and SigmaPlot 10.0. Pearson correlation analysis was 281 

conducted to assess relationships between variables. Principal component analysis (PCA) was 282 

also employed for data evaluation. All statistical analyses were performed using R software, 283 

version 4.2.1 (R Core Team 2022). 284 

 285 

Results  286 

 287 

Biometric Evaluations 288 

The results obtained, with a significant level of 1% for each equation, both with and 289 

without the use of agricultural lime, indicate that the highest stipe height (HS) was observed in 290 

the treatment that received 8 kg of organic compost with liming, providing an average height 291 

of approximately 3.6 m (41.66% gain compared to the combination that provided the lowest 292 

result) and 3.26 m, sequentially, as shown in Figure 2A. The lowest average values were 293 

observed in control treatment and the treatment with 12 kg of compost, ranging from 2.18 to 294 

2.37 m and from 2.10 to 2.74 m, respectively. In addition, it was determined that the optimum 295 

dose of this organic fertilizer (maximum biological potential) is 6.33 kg with liming. 296 

For the SC variable, the use of the corrective practice together with the 8 kg dose of 297 

compost led to a higher result, with around 68.22 cm (29.71% gain compared to the combination 298 

that provided the lowest result). The lowest values were recorded for the control treatment and 299 

the 2 kg dose, ranging from 51.12 to 57.25 cm. The optimum dose for this combination is 300 

7.69 kg of compost. In the absence of liming, the dose of 8 kg of organic fertilizer stood out, 301 

providing the highest, with an average value of 58.63 cm. On the other hand, the lowest values 302 

were observed in control treatment and with the 4 kg of compost, with average values varying 303 
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between 47.95 and 52.54 cm (Figure 2B). 304 

With regard to the circumference at breast height (CBH), the 10 and 12 kg doses of 305 

compost, combined with liming, showed the best results, with averages varying between 22.17 306 

and 22.68 cm (16.13%) gain compared to the combination that provided the lowest result. On 307 

the other hand, the lowest results were seen in the control treatment and the 2‐kg dose, with 308 

averages varying between 19.86 and 21.10 cm. The maximum dose was 13.39 kg of compost. 309 

In contrast, for the combination without liming, the dose of 6 kg of compost provided the 310 

highest average (20.83 cm), while the control treatment resulted in an average value of 19.02 cm 311 

(Figure 2C). 312 

In the NL variable, both with and without the use of agricultural lime, the highest values 313 

were observed in the treatment that received 8 kg of organic compost, with an average of around 314 

nine leaves (11.01% gain compared to the combination that provided the lowest result), as 315 

shown in Figure 2. The control treatment had the lowest average values, with around eight 316 

leaves. The ideal dose of compost for this variable is 8.15 kg with liming. 317 

In addition, the chelating effect of organic matter means that these nutrients, which are 318 

essential for plant growth, are released more slowly than with chemical fertilization. 319 

 320 

 321 

 322 

 323 

 

Figure 2 - Biometric variables Stipe Height (A), Stipe Circumference (B), Circumference at Breast Height (C) 324 
and Number of Leaves (D) of Euterpe oleracea plants as a function of treatments. 325 
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 326 

 327 

Nutritional Assessment in Plant Tissue 328 

The average leaf nitrogen (N) concentration was higher in the treatments with 8 and 10 329 

kg of organic compost with liming, 10 and 12 kg of organic compost without liming, ranging 330 

from 31.80 to 37.13 g·kg⁻¹. In contrast, the lowest concentrations were observed in treatments 331 

with 2, 4, and 6 kg of organic compost with liming, without fertilizer application with liming 332 

and 4 kg of organic compost without liming, ranging from 2.37 to 7 g·kg⁻¹. For P, there were 333 

no significant differences in the average concentrations, which ranged from 0.94 to 1.01 g·kg⁻¹. 334 

Regarding potassium (K), the highest concentrations were observed in the treatments with 6, 8, 335 

and 10 kg of organic compost with liming, with an average of 2 g·kg⁻¹ for all three. In contrast, 336 

the other treatments (2, 4 and 12 kg of organic compost with liming; 2, 4, 6, 8, 10 and 12 kg of 337 

organic compost without liming; and without fertilizer application without liming) exhibited 338 
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lower average concentrations, ranging from 0.9 to 1.33 g·kg⁻¹ (Table 3). 339 

For Ca, the highest concentrations were observed in the treatments with 2, 4, 6, 8 and 340 

10 kg of organic compost with liming, without fertilizer application with liming, and 12 kg of 341 

organic compost without liming, with values ranging from 2.43 to 3 g·kg⁻¹. The lowest 342 

concentrations were found in the treatments with 12 kg of organic compost with liming, 2, 4, 6, 343 

8 and 10 kg of organic compost without liming, and without fertilizer application without 344 

liming, ranging from 2 to 2.33 g·kg⁻¹. For Mg, the highest foliar concentrations were recorded 345 

in the treatments with 8 kg of organic compost with liming and without fertilizer application 346 

with liming, with values ranging between 0.57 and 0.63 g·kg⁻¹. Conversely, the lowest values 347 

were observed in the treatments with 12 kg of organic compost with liming: 2, 4, 6, 8, 10 and 348 

12 kg of organic compost without liming, with concentrations varying between 0.37 and 0.47 349 

g·kg⁻¹. As for S, there were no significant differences among treatments, with values ranging 350 

from 2.83 to 3.57 g·kg⁻¹ (Table 3). 351 

Considering the average foliar concentrations of macronutrients in this study, the 352 

decreasing order for açaí palms was N > S > Ca > K > P > Mg. Viégas et al. (2022) analyzing 353 

the fifth leaf of the açaí palm, reported a different order: N > K > Ca > S > P > Mg. For coconut 354 

palms, (Saldanha et al., 2017) observed the following decreasing order: N > Ca > K > Mg > P 355 

> S.  356 

 357 

 358 

 359 

 360 

 361 

 362 

Table 3 – Average concentrations, standard deviation and coefficient of variation of primary and secondary 363 
macronutrients in Euterpe oleracea plants leaves, depending on the treatments. 364 

Treatments  N P K Ca Mg S 
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 g.kg-1 
T1 2.37 ± 0.51c 0.99 ± 0.01a 1.00 ± 0.00b 2.43 ± 0.12a 0.50 ± 0.00b 3.17 ± 0.31a 
T2 3.53 ± 0.20c 1.01 ± 0.07a 1.00 ± 0.00b 2.97 ± 0.06a 0.53 ± 0.06b 3.03 ± 0.21a 
T3 4.25 ± 0.40c 0.98 ± 0.02a 2.00 ± 0.0a 2.57 ± 0.51a 0.50 ± 0.00b 3.00 ± 0.66a 
T4 33.60 ± 2.00a 1.00 ± 0.04a 2.00 ± 0.00a 2.67 ± 0.58a 0.63 ± 0.06a 2.83 ± 0.45a 
T5 33.93 ± 3.43a 0.97 ± 0.03a 2.00 ± 0.00a 2.67 ± 0.57a 0.50 ± 0.00b 3.37 ± 0.40a 
T6 21.00 ± 4.00c 0.95 ± 0.02a 1.33 ± 0.58b 2.00 ± 0.00b 0.46 ± 0.06c 3.53 ± 0.20a 
T7 7.00 ± 1.00c 0.98 ± 0.02a 1.33 ± 0.50b 3.00 ± 0.00a 0.57 ± 0.11a 3.00 ± 0.53a 
T8 22.20 ± 2.00b 0.96 ± 0.02a 1.00 ± 0.00b 2.00 ± 0.00b 0.47 ± 0.06c 2.93 ± 0.15a 
T9 13.20 ± 3.00c 0.97 ± 0.01a 1.00 ± 0.01b 2.33 ± 0.58b 0.43 ± 0.05c 3.23 ± 0.40a 
T10 24.60 ± 4.00b 0.97 ± 0.01a 0.93 ± 0.11b 2.00 ± 0.00b 0.40 ± 0.00c 3.00 ± 0.17a 
T11 25.20 ± 1.00b 0.99 ± 0.02a 0.97 ± 0.06b 2.00 ± 0.00b 0.40 ± 0.01c 3.57 ± 0.25a 
T12 37.13 ± 2.90a 0.99 ± 0.01a 1.00 ± 0.00b 2.00 ± 0.00b 0.40 ± 0.01c 3.53 ± 0.38a 
T13 31.80 ± 3.00a 0.95 ± 0.02a 1.00 ± 0.00b 2.67 ± 0.58a 0.37 ± 0.05c 3.57 ± 0.40a 
T14 25.13 ± 0.61b 0.94 ± 0.06a 0.9 ± 0.17b 2.00 ± 0.00b 0.50 ± 0.00b 3.40 ± 0.27a 

CV (%) 11.79 3.30 18.55 13.48 10.36 11.53 
Digestion: sulphuric (N); nitroperchloric (P, K, Ca, Mg, S, Cu, Zn, Mn and Fe); incineration (B). Determinations: 365 
Colorimetry (P and B); turbidimetry (S): flame photometry (K); atomic absorption spectrophotometry (k, Ca, Mg, 366 
Cu, Zn, Mn and Fe). (Manual of Chemical Analysis of Soils, Plants and Fertilizers. 2nd revised and expanded 367 
edition. Embrapa, 2009). Note: Averages followed by the same letter in a column show no significant difference. 368 
 369 

The highest concentration of leaf B was observed in the treatment with 10 kg of organic 370 

compost without liming, averaging 55.43 mg·kg⁻¹. In contrast, the lowest concentrations were 371 

found in the treatments with 2 kg of organic compost, both with and without liming, ranging 372 

from 19.27 to 19.43 mg.kg-1. There were no significant differences between treatments 373 

regarding foliar Fe concentrations, with averages ranging from 1 to 1.67 mg·kg⁻¹. For foliar Mn 374 

concentrations, higher values were observed in the treatments with 2, 4, 6, 8 and 10 kg of 375 

organic compost with liming; without fertilizer application with liming; 8 kg and 12 kg of 376 

organic compost without liming; and without fertilizer application without liming, with 377 

averages ranging from 2.67 to 3.67 mg·kg⁻¹. In contrast, the lowest values were recorded in the 378 

treatments with 12 kg of organic compost with liming: 2, 4, 6 and 10 kg of organic compost 379 

without liming, with averages ranging from 0.93 to 1.93 mg·kg⁻¹ (Table 4). 380 

Considering the average foliar concentrations of the micronutrients in this study, the 381 

decreasing order for the Euterpe oleracea plants was B > Mn > Fe. 382 

 383 

Table 4 - Mean concentration, standard deviation and coefficient of variation of micronutrients in Euterpe oleracea 384 
plants leaves, as a function of treatment. 385 
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Treatments  B Fe Mn 
 mg.kg-1 

T1 48.80 ± 3.46b 1.67 ± 0.57a 3.67 ± 0.57a 
T2 47.23 ± 0.89b 1.27 ± 0.46a 2.83 ± 0.76a 
T3 41.93 ± 1.15c 1.63 ± 0.55a 2.67 ± 0.57a 
T4 24.47 ± 0.58e 1.06 ± 0.11a 2.67 ± 0.15a 
T5 36.57 ± 1.15d 1.00 ± 0.00a 2.67 ± 0.58a 
T6 19.27 ± 1.15f 1.00 ± 0.00a 0.93 ± 0.11b 
T7 38.13 ± 7.40d 1.33 ± 0.58a 3.00 ± 1.00a 
T8 19.43 ± 1.10f 1.00 ± 0.01a 1.07 ± 0.11b 
T9 23.30 ± 1.73e 1.00 ± 0.00a 1.93 ± 0.11b 
T10 34.07 ± 2.31d 1.00 ± 0.00a 0.97 ± 0.06b 
T11 29.93 ± 1.85e 1.00 ± 0.01a 2.67 ± 0.57a 
T12 55.43 ± 4.62a 1.00 ± 0.01a 1.00 ± 0.00b 
T13 26.27 ± 2.31e 1.00 ± 0.02a 3.33 ± 0.60a 
T14 24.87 ± 3.21e 1.33 ± 0.57a 2.67 ± 0.58a 

CV (%) 8.37 26.70 26.81 
Digestion: sulphuric (N); nitroperchloric (P, K, Ca, Mg, S, Cu, Zn, Mn and Fe); incineration (B). Determinations: 386 

Colorimetry (P and B); turbidimetry (S): flame photometry (K); atomic absorption spectrophotometry (K, Ca, Mg, 387 

Cu, Zn, Mn and Fe) (Manual de Análises Químicas de Solos, Plantas e Fertilizantes. 2nd revised and expanded 388 

edition. Embrapa, 2009). Note: Averages followed by the same letter in a column do not differ significantly 389 

according to the Scoot-Knott test (p-value ≤ 0.05).  390 

 391 

Evaluation of Relative Chlorophyll Content   392 

The results for relative chlorophyll content (SPAD index), evaluated at a 1% 393 

significance level, revealed that the highest values were positively influenced by the 394 

combination of liming and an 8 kg dose of organic compost, with an average of 107.97 SPAD 395 

units. The lowest value was recorded in control treatment, with 66.07 SPAD units. In treatments 396 

without liming, the application of 12 kg of compost yielded the highest average, approximately 397 

100 SPAD units, while the lowest average, 66.03 SPAD units, was again observed in the control 398 

treatment. In the absence of liming, the amount of 12 kg of compost provided the highest 399 

average, with approximately 100 SPAD units and the lowest average result was observed in the 400 

control treatment, with 66.03 SPAD units.   401 

 402 
 403 
 404 
 405 
Figure 3 - Variation in relative chlorophyll content (SPAD index) in the fifth leaf of açai trees. 406 
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 407 

 408 

Evaluation of Gas Exchange 409 

 Regarding the A (CO2 assimilation rate) averages, no statistical differences were 410 

observed among the treatments, with values ranging from 7.25 to 8.98 µmol CO2/m2.s-1. For gs 411 

(stomatal conductance to water vapor), the highest results were obtained in the treatments with 6 412 

kg of organic compost with liming and 6 kg of organic compost without liming, with averages 413 

ranging from 62.55 to 62.58 mmol.H2O/m2.s-1. The lowest gs values were recorded in treatments 414 

with 4 kg of organic compost with liming, 8 kg of organic compost without liming, 12 kg of 415 

organic compost with liming, and without fertilizer application with liming, with averages 416 

ranging from 34.39 to 38.90 mmol.H2O/m2.s-1. For E (transpiration), the highest averages were 417 

observed in the 6 kg of organic compost with liming and 6 kg of organic compost without liming 418 

treatments, with values between 2.09 and 2.10 mol.H2O/m2.s-1. Conversely, the lowest 𝐸 values 419 

were found in the treatments with 4 kg of organic compost with liming, 8 and 12 kg of organic 420 

compost with liming, without fertilizer application with liming and without fertilizer application 421 
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without liming, ranging from 1.31 to 1.43 mol.H2O/m2.s-1 (Table 5). 422 

 
Table 5 - Means, standard deviation and coefficient of variation of net CO2 assimilation rate (A), stomatal 423 
conductance to water vapor (gs), transpiration (E) in young Euterpe oleracea plants under doses of organic 424 
fertilization, in the presence and absence of liming. 425 

Treatments  A gs E 
 µmol de CO2/m2.s-1 mmol.H2O/m2.s-1 mol.H2O/m2.s-1 

T1 8.98 ± 2.5a 58.56 ± 0.58b 1.81 ± 0.02c 
T2 6.68 ± 8.8a 36.67 ± 1.15e 1.32 ± 0.04e 
T3 7.67 ± 0.96a 62.55 ± 2.33a 2.09 ± 0.06a 
T4 6.72 ± 0.84a 38.90 ± 1.74e 1.36 ± 0.02e 
T5 7.65 ± 0.42a 57.10 ± 2.68b 1.96 ± 0.05b 
T6 7.39 ± 2.06a 37.67 ± 4.93e 1.43 ± 0.21e 
T7 5.64 ± 0.79a 34.39 ± 2.11e 1.31 ± 0.16e 
T8 8.21 ± 0.59a 51.17 ± 1.75d 1.75 ± 0.04d 
T9 7.68 ± 1.14a 54.95 ± 1.63c 1.88 ± 0.07c 
T10 8.50 ± 1.03a 62.58 ± 1.45a 2.10 ± 0.05a 
T11 7.91 ± 1.36a 56.76 ± 1.90b 1.83 ± 0.04c 
T12 7.36 ± 1.13a 49.25 ± 1.64d 1.68 ± 0.06d 
T13 7.25 ± 1.51a 58.91 ± 1.89b 1.92 ± 0.05b 
T14 7.44 ± 0.74a 53.73 ± 1.16c 1.39 ± 0.03e 

CV (%) 15.83 4.12 4.55 
Note: Averages followed by the same letter in a column do not differ significantly from each other. 426 

 427 
For Ci (intercellular CO₂ concentration), the highest value was observed in the treatment 428 

with 10 kg of organic compost with liming, averaging 324.62 µmol CO2 mol-1 air. The lowest 429 

averages, ranging from 130.53 to 137.96 µmol CO₂·mol⁻¹ air, were recorded in the treatments 430 

with 2, 4 and 12 kg of organic compost with liming; without fertilizer application with liming; 431 

and 8, 10 and 12 kg of organic compost without liming.  432 

Regarding A/E (instantaneous water use efficiency), there were no statistical differences 433 

among treatments, with averages ranging from 3.65 to 5.35. For A/Ci (intrinsic carboxylation 434 

efficiency), the highest values, ranging from 0.04 to 0.07, were found in the treatments with 2 435 

4, 6 and 12 kg of organic compost with liming; and 2, 4, 6, 8, 10 and 12 kg of organic compost 436 

without liming. The lowest value, an average of 0.02, was observed in treatment T5 (Table 6). 437 

 438 
 439 
 440 
 441 
 
Table 6 - Means, standard deviation and coefficient of variation of intercellular CO2 concentration (Ci), 442 
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instantaneous water use efficiency (A/E) and intrinsic carboxylation efficiency (A/Ci) in young Euterpe oleracea 443 
plants under doses of organic fertilization, in the presence and absence of liming.   444 

Treatments  Ci A/E A/Ci 
 µmol  CO2 mol-1 air - - 

T1 131.81 ± 0.86e 4.97 ± 1.41a 0.07 ± 0.02a 
T2 137.96 ± 1.12e 5.07 ± 0.73a 0.04 ± 0.01a 
T3 148.62 ± 1.51c 3.65 ± 0.36a 0.05 ± 0.006a 
T4 173.17 ± 2.83b 4.94 ± 0.55a 0.03 ± 0.005b 
T5 324.62 ± 2.34a 3.90 ± 0.31a 0.02 ± 0.001c 
T6 130.53 ± 4.45e 5.21 ± 7.43a 0.06 ± 0.01a 
T7 135.39 ± 1.63e 4.36 ± 1.05a 0.04 ± 0.006b 
T8 150.65 ± 1.04c 4.70 ± 0.38a 0.05 ± 0.01a 
T9 144.83 ± 3.79d 4.07 ± 0.45a 0.05 ± 0.01a 

T10 142.74 ± 2.09d 4.03 ± 0.42a 0.06 ± 0.01a 
T11 132.76 ± 2.67e 4.33 ± 0.84a 0.06 ± 0.01a 
T12 131.97 ± 6.73e 4.37 ± 0.64a 0.06 ± 0.01a 
T13 135.04 ± 1.75e 3.78 ± 0.80a 0.05 ± 0.01a 
T14 168.34 ± 5.54b 5.35 ± 0.49a 0.03 ± 0.004b 

CV (%) 2.1 16.61 17.07 
Note: Averages followed by the same letter in a column do not differ significantly from each other. 445 

 446 

Correlation and PCA 447 
Regarding biometric variables, stipe height exhibited a significant correlation with SC, 448 

circumference at breast height, NL, and phosphorus levels. SC, in turn, showed significant 449 

correlations with stipe height, circumference at breast height, NL, potassium levels, and relative 450 

chlorophyll content (SPAD index). Similarly, circumference at breast height was significantly 451 

correlated with stipe height, SC, NL, potassium levels, and SPAD index. Lastly, the NL 452 

demonstrated significant correlations with stipe height, SC, circumference at breast height, 453 

potassium levels, and SPAD index (Figure 4). 454 

 455 

 456 

 457 

 458 

 459 

 460 

Figure 4. Pearson's Correlation Matrix between the variables Stipe Height (SH), Stipe Circumference (SC), 461 
Circumference at Breast Height (CBH), Number of Leaves (NF), Nitrogen (N), Phosphorus (P), Potassium (K), 462 
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Calcium (Ca), Magnesium (Mg), Sulphur (S), Boron (B), Iron (Fe), Manganese (Mn), Relative Chlorophyll 463 
Content (SPAD), Net CO2 Assimilation (A), Stomatal Conductance to Water Vapor (gs), Transpiration (E), 464 
Intercellular CO2 Concentration (Ci), Instantaneous Water Use Efficiency (A/E) and Intrinsic Carboxylation 465 
Efficiency (A/Ci). 466 

 467 

 468 
According to the PCA (Figure 5), conducted to better understand the effects of the 469 

treatments applied in this study, the first principal component (Dim 1) accounted for 29.33% of 470 

the data variability. This component was primarily influenced by circumference at breast height, 471 

NL, potassium, and calcium, which had the greatest positive effects. In contrast, instantaneous 472 

water uses efficiency, phosphorus, and boron had the smallest positive effects, while sulfur and 473 

assimilation‐to‐internal CO2 ratio had the smallest negative effects. 474 

Figure 5 - Principal components as a function of treatments and variables Stipe Height (SH), Stipe Circumference 475 
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(SC), Circumference at Breast Height (CHH), Number of Leaves (N. Leaves), Nitrogen (N), Phosphorus (P), 476 
Potassium (K), Calcium (Ca), Magnetism (Mg), Sulfur (S), Boron (B) Leaves),Iron (Fe), Manganese (Mn), 477 
Relative Chlorophyll Content (SPAD), Net CO2 Assimilation (A), Stomatal Conductance to Water Vapor (gs), 478 
Transpiration (E), Intercellular CO2 Concentration (Ci), Instantaneous Water Use Efficiency (A/E) and Intrinsic 479 
Carboxylation Efficiency (A/Ci) in acai tree. 480 
 481 

 482 
Discussion 483 

Biometric Evaluations 484 

The addition of organic compost to the soil increases stipe height by enhancing the soil's 485 

physical and biological properties (Adetunji et al., 2020; Dawson & Smith, 2007). These 486 

improvements support better root development, allowing plants to more effectively access soil 487 

nutrients. Furthermore, organic compost contains essential nutrients that promote plant growth 488 

(Möller & Schultheiß, 2015). For example, nitrogen is an essential nutrient for vegetative 489 

growth because it is required for cell division, which involves DNA replication. This process 490 

demands a significant amount of nucleotides, whose components include nitrogenous bases 491 
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(Taiz et al., 2017). Iron is also a fundamental micronutrient for promoting plant growth, as it is 492 

essential in the photochemical phase of photosynthesis and is directly involved in the 493 

production of photoassimilates (Zhang et al., 2019). 494 

Nogueira and Conceiçao (2000) studying the growth of açaí trees in palm heart 495 

management and cultivated in the floodplain of the Amazon estuary, found stipe heights of 1.94 496 

and 3.15 m at 36 and 48 months of age, respectively. Condé et al. (2020) found higher stipe 497 

heights in the management of açai trees of different ages in a clump regime and at 5 × 5 m 498 

spacing arrangements.   499 

Organic compost increased SC, possibly due to the supply of Ca2+ ions and the 500 

micronutrient B, which play important structural roles, as they form part of the cell wall, 501 

promoting better cell division and, consequently, greater SC, as well as greater stipe height. In 502 

addition to maintaining the integrity of various organelles and influencing various processes in 503 

the plant, it is also an enzyme activator (Fagan et al., 2016; Kohli et al., 2023; Prado, 2021). In 504 

addition, SC increased due to the Mg2+ ions supplied by the treatments, which are important for 505 

the growth of the roots and aerial part of the plant, since they play various roles in the activation 506 

of enzymes related to cellular respiration and photosynthesis, fundamental processes for plant 507 

growth (Chen et al., 2018; Taiz et al., 2017). Almeida et al. (2018) found greater growth in stipe 508 

diameter, which is related to SC, in the monoculture system up to 360 days after transplanting.  509 

A large amount of organic compost increased the results in circumference at breast 510 

height, especially in the presence of the corrective practice that neutralizes toxic elements and 511 

increases the pH to around 5.5 and 6.5, which increases the solubility of essential nutrients 512 

(Campos et al., 2022; Jiang et al., 2018; Zhang et al., 2020), provided by organic compost, 513 

which is a “nutrient reservoir” (Brady & Weil, 2010; Gulhane et al., 2023; İnik et al., 2023).  514 

Organic compost had a positive effect on the NL, possibly due to the supply and greater 515 

solubility of N, which is the main constituent of proteins, coenzymes, membrane components, 516 
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chlorophyll, as well as organic metabolites such as amino acids, amines, and phytohormones, 517 

important processes in the development of the aerial part and leaf growth (Bang et al., 2021). S 518 

was also fundamental in increasing the NL because it is a component of vitamins, coenzymes, 519 

and chlorophyll, which enables photosynthesis. It is involved in protein synthesis and is 520 

fundamental for plant growth, development, and quality (Narayan et al., 2023; Zenda et al., 521 

2021). Fe and Zn are also fundamental micronutrients for this variable, as they are related to 522 

greater chlorophyll synthesis and plant growth promotion (Nandal & Solanki, 2021; Zhang et 523 

al., 2019). 524 

It should be noted that all the essential nutrients, macro‐ and micronutrients, have a 525 

positive influence on the biometric variables since Liebig's Law of the Minimum states that 526 

crop production is limited by the least amount of nutrients in the soil (Brady & Weil, 2010; 527 

Lepsch, 2021; Raij, 2011). Gas exchange is also fundamental for plant growth (Pereira et al., 528 

2014).  529 

 530 

Nutritional Assessment in Plant Tissue 531 

N is absorbed by plants in the forms of nitric (NO3
-), ammoniacal (NH4

+) and organic 532 

N in the form of peptides and amino acids (Ganeteg et al., 2017), with nitrate being the most 533 

predominant form (Prado, 2021a). Nitrogen is a highly mobile nutrient in plants, accumulating 534 

in the youngest tissues (Fernandes et al., 2018). It is involved in many fundamental plant 535 

processes such as photosynthesis and cellular respiration (Malavolta, 2006). Ribeiro (2017) 536 

identified foliar concentrations of 23 g.Kg-1 of N in adult acai tree in the Eastern Amazon.  537 

Viégas et al. (2022) evaluating leaf number 5 in acai trees 4 years and 8 months old, found 25.6 538 

g.kg-1 of N. In young 2-year-old acaí trees fertilized with NPK, the foliar N concentration was 539 

13.1 g.kg-1 of N (Cordeiro, 2011). 540 

P is a nutrient with high mobility in plant tissue (Fernandes et al., 2018), it is an 541 
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important element for energy metabolism (ATP, NADPH) and phospholipids in cell membranes 542 

(Bang et al., 2021), as well as being essential for root development and improving plant vigor 543 

(Malhotra et al., 2018). Cordeiro (2011) determined foliar P levels of 1.0 g.kg-1 in two-year-old 544 

acai tree under NPK fertilization. Evaluations of 8-month-old BRS Pai d'Égua cultivar acai trees 545 

under complete fertilization, grown in a greenhouse, indicated 1.0 g.kg-1 of P (Araújo et al., 546 

2019). Lindolfo et al. (2020), studying 9.5-year-old plants sampled from leaf number 6, found 547 

a P content of 1.4 g.kg-1. 548 

Palm trees, especially the coconut palm (Cocus Nucifera), are not very responsive to 549 

phosphate fertilization. This may be related to the crop's adaptation to the low availability of 550 

the element in tropical Amazonian soils, the mineralogy of which consists mainly of 551 

(hydro)oxides of Fe (hematite or goethite), Al (gibbsite) and kaolinite in the clay fraction, and 552 

quartz in the sand fraction. Thus, P can be available in solution or unavailable (P-labile), with 553 

P adsorbed on the aforementioned oxides (Fe2O3-P, Al2O3-P), or precipitated (Fe-P, Al-P), or 554 

totally unavailable in the non-labile form (Fontes & Alleoni, 2006; Hartemink & Barrow, 2023; 555 

Pavinato et al., 2020; Penn & Camberato, 2019).  556 

K is also a highly mobile element in plant tissues (Fernandes et al., 2018), acting in the 557 

regulation of osmotic processes, enzyme activation and nutrient transport, as well as being 558 

involved in the general development of the plant (Johnson et al., 2022; Sardans & Peñuelas, 559 

2021). Viegas et al. (2009) studied 10-month-old acai trees under complete fertilization and 560 

found a K content of 3.5 g.kg-1 at 10 months of age. In a study of 2-year-old açai trees that 561 

received NPK fertilization in the municipality of Tome-Açú, concentrations of 4.6 g.kg-1 were 562 

found in the leaflets (Cordeiro, 2011). Viégas et al. (2022) studied 4-year-old and 8-month-old 563 

açai trees and found a K content of 6.8 g kg-1 in the fifth leaf. 564 

Ca is a nutrient with limited mobility due to its low solubility and concentration in the 565 

phloem of plants (Prado, 2021a). It is an important nutrient for stabilizing cell walls and acts as 566 
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a secondary messenger in many signaling pathways, affecting cell division, stem elongation 567 

and maintaining the plant's structural integrity (Hawkesford et al., 2012; Kour et al., 2023) 568 

In a study of 4-year-old and 8-month-old açai trees, leaf number 5 was sampled and 569 

found to contain 4.8 g.kg-1 of Ca (Viégas et al., 2022). In adult plants from native floodplain 570 

populations in Marajó/Pa, the Ca concentration found was 4.4 g.kg-1 (Brasil et al., 2009). In a 571 

study of 2-year-old açai trees fertilized with NPK, a Ca concentration of 1.9 g.kg-1 was found.  572 

Mg is a mobile element in the phloem of plants, since a fundamental part of Mg is 573 

soluble (Prado, 2021b). It is a nutrient that aids plant growth and development and is a central 574 

component of chlorophyll, which influences photosynthesis (Chen et al., 2018; Guo et al., 2016; 575 

Tian et al., 2021). Viégas et al. (2022) studied plants that were 4 years and 8 months old and 576 

found an average concentration of 0.1 g.kg-1 of Mg in leaf number 5. In a study in the 577 

municipality of Tome-Áçu/Pa on 9.5-year-old acai trees, an average concentration of 1.0 g.kg-578 

1 of Mg was found in leaf number 6 (Lindolfo et al., 2020). Cordeiro (2011) observed a 579 

concentration of 0.5 g.kg-1 of Mg in 2-year-old açai trees under NPK fertilization.    580 

As for S, it is a nutrient with little redistribution in plant tissue, meaning it is not very 581 

mobile in the plant (Prado, 2021). In addition, this element is a component of amino acids, 582 

vitamins and coenzymes, protein synthesis and chlorophyll, and is therefore important for 583 

photosynthesis, making it essential for plant growth, development and quality (Narayana et al., 584 

2023; Zenda et al., 2021). Ribeiro et al. (2020) studied 7-year-old fertirrigated açai plants in the 585 

municipality of Tome-Áçu/Pa and found a leaf concentration of 3.1 g.kg-1 of S. In acai trees 586 

that were 4 years and 8 months old, Viégas et al. (2022) found that leaf number 5 had a 587 

concentration of 2.7 g.kg-1 of S. In 2-year-old açai trees that received NPK fertilization, in the 588 

municipality of Tomé-Áçu, the concentration of 1.9 of S (Cordeiro, 2011). 589 

B is an element that is poorly redistributed in plants, as it is considered to have low 590 

mobility in the phloem, similar to Ca (Prado, 2021). This nutrient plays a crucial role in 591 
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regulating the structural and membrane integrity of the cell wall and plasma membrane. It 592 

facilitates ion mobility across membranes, supports cell division and elongation, and is essential 593 

for reproductive processes such as pollen formation and flower retention. Additionally, it is 594 

involved in the synthesis of carbohydrates and proteins (Camacho-cristóbal et al., 2008; Hänsch 595 

& Mendel, 2009; Kohli et al., 2023). Lindolfo et al. (2020) evaluated 6-year-old açai trees 596 

sampled on leaf 6 and found an average concentration of 14.90 mg.kg-1 of B. In 7-year-old 597 

fertigated açai trees, sampled on leaves 4 and 5, a concentration of 51.00 mg.kg-1 of B was 598 

found. In 2-year-old acai trees in the municipality of Tomé-Áçu, which received NPK 599 

fertilization, a B concentration of 17.00 mg.kg-1 was found.   600 

Fe is poorly redistributed through the plant's phloem, meaning it has low mobility 601 

(Prado, 2021). This nutrient is crucial for chlorophyll synthesis and is essential for maintaining 602 

the structure and function of chloroplasts. It plays a key role in the electron transport system, 603 

the formation of clusters, and the photosynthetic apparatus, highlighting its direct involvement 604 

in photosynthetic activity and, consequently, plant productivity (Rout & Sahoo, 2015; Zhang et 605 

al., 2019). In 4-year-old and 8-month-old açai trees sampled in the fifth leaf, a concentration of 606 

118 mg.kg-1 of Fe (Viegas et al. 2022). Lindolfo et al. (2020) studied 9-year-old açai trees, 607 

precisely on leaf 6, and found a concentration of 153 mg.kg-1 of Fe.  608 

Mn is a nutrient with limited redistribution due to its low concentration in the phloem 609 

(Prado, 2021). It plays a vital role in metabolic processes, including respiration, photosynthesis, 610 

amino acid synthesis, acting as an enzyme cofactor, and hormone activation. As a result, 611 

manganese significantly contributes to crop yields (Millaleo et al., 2010; Rashed et al., 2021). 612 

In a study of 9.5-year-old acai trees sampled on leaf 6, the average Mn concentration found was 613 

44.6 mg.kg-1. Cordeiro (2011), evaluating 2-year-old plants under NPK fertilization, found an 614 

average concentration of 180 mg.kg-1 of Mn.  615 

Veloso et al. (2020) point out that there is still no recommendation for an adequate 616 
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concentration of nutrients for the acai tree cultivated in the state of Pará.   617 

Evaluation of Relative Chlorophyll Content  618 

The main pigment related to light absorption is chlorophyll, which is essential for the 619 

photochemical phase of photosynthesis, especially Chlorophyll a. Understanding the level of 620 

chlorophyll in the leaves of plants has long been used to demonstrate the condition of plant 621 

health, photosynthetic capacity, physiological state and the productivity of these plants 622 

(Houborg et al., 2015; Steele et al., 2008).  623 

 624 

Evaluation of Gas Exchange 625 

A is a gas exchange variable that refers to the difference between how much carbon the 626 

plant is gaining (total photosynthesis) and how much it is losing (respiration and 627 

photorespiration). With regard to E, this is the rate of water loss from the leaves to the 628 

atmosphere, which occurs due to the increase in the concentration of water vapor inside the leaf 629 

compared to the surrounding air, as well as the greater degree of stomata opening (gs), meaning 630 

that when they are very open, they offer less resistance to the escape of water vapor. Thus, gs 631 

measures the capacity of a set of stomata in a given unit of leaf area to conduct water vapor, per 632 

unit of time (Hunt, 2003; Xiong & Nadal, 2020).  633 

In general, the A results indicate that the organic compound was important because the 634 

plant is photosynthesizing, producing (via the Calvin cycle) phosphate triose, which is the 635 

immediate product generated in the biochemical phase of photosynthesis, which is important in 636 

the formation of various compounds in the plant (Buchanan et al., 2015; Taiz et al., 2017).  637 

In relation to gs and E, organic fertilization was fundamental since it is possible to see 638 

greater results when compared to conventional management. It is important for plants to open 639 

their stomata, in balance with water replenishment via the soil, because it is through this process 640 

that they assimilate CO2, which is the essential gas for photosynthesis (biochemical phase), as 641 
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well as in the transpiration process (because they have a strong correlation), the latter being 642 

essential for there to be tension in the plant's xylem and consequently, through a gradient of 643 

water potential, there is absorption of water (and mobile ions via mass flow) from the soil to 644 

the aerial part of the plants (Buchanan et al., 2015; Chowdhury et al., 2022; Taiz et al., 2017). 645 

Ci refers to the concentration of CO2 in the intercellular spaces. It can be seen that the 646 

organic compound associated with liming had a positive influence on this variable, despite the 647 

fact that CO2 is not present in the stroma of the chloroplasts, this measure helps to compress 648 

the CO2 that can enable the biochemical phase of photosynthesis to function, which also 649 

depends on ATP, NADPH (produced in the photochemical phase) and light for it to function 650 

fully (Buchanan et al., 2015; Taiz, 2017).  651 

A/E refers to the plant's efficiency in using water, and this process is regulated by 652 

combining crop characteristics and genetic factors (Xia et al., 2021). With the results obtained 653 

for this variable, it can be seen that nutrient management is a fundamental factor since 654 

fertilization is not only limited to providing root growth and expanding its space for water 655 

supply, but it also makes it possible to increase the plant canopy, balance transpiration-656 

evaporation, increasing this relationship and improving the efficiency of water use by 657 

agricultural crops (Jákli et al., 2018; Trachsel et al., 2013).  658 

With regard to the A/Ci, variable, this is necessary to check the carboxylation rate of the 659 

enzyme Ribulose 1.5 Bisphosphate, Rubisco. This is important because this enzyme has two 660 

functions and can use both O2 and CO2 in its reaction. In other words, carboxylation (when the 661 

enzyme works using CO2 refers to the production of two molecules of 3-phosphoglycerate 662 

which will be reduced to phosphate triose (important for the formation of many compounds in 663 

the plant) in the Calvin cycle (Buchanan et al., 2015; Taiz, 2017). That is, organic fertilization 664 

was fundamental to the results obtained.  665 

In general, the lowest results observed for these physiological variables may be 666 
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associated with oxidative stress caused by inadequate nutrient supply (Pereira et al., 2015).  667 

 668 

Correlation and PCA 669 
With regard to potassium, this element exhibited a significant correlation with SC, 670 

circumference at breast height, NL, and calcium levels. Calcium, in turn, showed a significant 671 

correlation with potassium, magnesium, manganese, and the assimilation‐to‐internal CO2 ratio, 672 

with a negative correlation. Magnesium was significantly correlated with calcium, iron, sulfur 673 

(negative correlation), transpiration rate (negative correlation), and assimilation‐to‐internal 674 

(negative correlation). Sulfur, in turn, exhibited a significant negative correlation with 675 

magnesium (Figure 4). 676 

For micronutrients, boron was significantly correlated with phosphorus. Iron showed 677 

significant correlations with magnesium, manganese, and instantaneous water use efficiency, 678 

while also exhibiting a negative correlation with transpiration rate. Manganese was significantly 679 

correlated with calcium and iron (Figure 4). 680 

Relative chlorophyll content (SPAD index) was significantly correlated with SC, 681 

circumference at breast height, and NL (Figure 4). Regarding the gas exchange variables, Net 682 

CO2 assimilation exhibited a significant correlation with transpiration rate, stomatal 683 

conductance, and assimilation‐to‐internal CO2 ratio. Similarly, the transpiration rate was 684 

significantly correlated with Net CO2 assimilation, stomatal conductance, magnesium levels 685 

(negative correlation), iron levels (negative correlation), and instantaneous water use efficiency 686 

(negative correlation). The stomatal conductance variable showed significant correlations with 687 

Net CO2 assimilation, transpiration rate, and instantaneous water use efficiency (negative 688 

correlation) (Figure 4). 689 

With respect to intercellular CO2 concentration, this variable exhibited a significant 690 

negative correlation with the assimilation‐to‐internal CO2 ratio. The instantaneous water use 691 

efficiency variable was significantly correlated with iron levels while showing negative 692 
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correlations with transpiration rate and stomatal conductance. Finally, the assimilation‐to‐693 

internal CO2 ratio demonstrated significant correlations with Net CO2 assimilation while being 694 

negatively correlated with calcium, magnesium, and intercellular CO2 concentration (Figure 4). 695 

The second principal component (Dim 2) accounted for 20.33% of the data variability. 696 

This component was mainly influenced by SC, transpiration rate, and stomatal conductance, 697 

which had the greatest positive effects. Meanwhile, nitrogen, relative chlorophyll content 698 

(SPAD index), Net CO2 assimilation, and intercellular CO2 concentration had the smallest 699 

positive effects. On the other hand, magnesium and iron had the greatest negative effects, while 700 

instantaneous water use efficiency and manganese had the smallest negative effects (Figure 5). 701 

In addition, all the liming treatments, with the exception of treatment 1, had a strong 702 

influence on all the biometric and nutritional variables (with the exception of N and S) and on 703 

the relative chlorophyll content and intercellular CO2 concentration. There was also a strong 704 

influence of the treatments without liming on the nutritional variables nitrogen and sulfur, as 705 

well as on the gas exchange variables Net CO2 Assimilation, transpiration rate, stomatal 706 

conductance, and assimilation‐to‐internal CO2 ratio. However, treatments 8 and 14 were 707 

exceptions to this trend.   708 

 709 

Conclusions 710 
 711 

This research showed that the reuse of agro‐industrial waste, in the form of organic 712 

compost, especially at doses of 8 and 10 kg, together with the use of corrective practices 713 

(liming) improved soil fertility and favored growth, with SH of 3.6 m, SC of 68.22 cm, SBH of 714 

21.84 cm, and an average of nine leaves.   715 

In addition, the mineral nutrition of the Euterpe oleracea plants was favored, with macro 716 

and micronutrient contents in the following descending order: N>S>Ca>K>P>Mg; B>Mn>Fe. 717 

They also favored the relative chlorophyll content with an average value of 107.97 SPAD units, 718 

as well as providing good results for A, gs, E, Ci, A/E, A/Ci.   719 

These results were explained by the supply of essential nutrients that enabled greater 720 

growth, positively influencing the nutritional content of the plant tissue and the photosynthetic 721 

machinery.  722 

 Therefore, this study provided information that contributes to an alternative low-cost 723 

and sustainable production of Euterpe oleracea plants under organic production in the Amazon.   724 
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